
Reviewers' comments:  

 

Reviewer #1 (Remarks to the Author):  

 

The authors have presented a study of population structure, demography, and selection in 

seabass using parent-offspring sequencing to phase genomes, which allows for 

sophisticated demographic modelling using the distribution of tract lengths. This is an 

interesting approach that has many advantages. However, I am quite concerned about the 

potential impact of selection on demographic inference (major comment #1), and am 

skeptical about how clearly these results demonstrate selection/migration reshaping 

genomic islands (major comment #2). As this latter point is the main aim of the paper, and 

the evidence is relatively weak, I do not think this paper is sufficiently impactful for Nature 

Communications.  

 

 

Major comments:  

 

1. One of my major concerns is that this paper seems to be relying upon two somewhat 

contradictory things simultaneously: that the tract length distribution can be modelled with 

a neutral coalescent to yield accurate inferences about demography and that tract lengths 

are also affected by natural selection, such that genomic islands are being shaped by the 

interplay between migration, selection, and recombination. If the latter is true, how robust 

is the accuracy of the former? I tend to often find myself skeptical of demographic inference 

when it ignores selection. The usage of tract lengths instead of allele frequency spectra is a 

big improvement, and I think the demographic inference used here is done very well, given 

where the field is at. I just worry about the complicating effect of selection. It seems 

possible that selection may affect a small enough fraction of the genome that it does not 

interfere substantially, but this is unclear. This problem is briefly mentioned on lines 317-

324, but it is unclear how much this could obscure results, potentially even blurring the 

lines between the demographic scenarios modelled here? (i.e. scenarios in table S2).  

 

2. Overall, I found the evidence for genomic islands being actively shaped by 

selection/migration to be relatively weak. Line 247 states that the highest values of FST are 

found with the highest values of Dxy, which is not expected due to linked selection. True, 

but this IS expected due to pure drift (at least qualitatively), which is an even more basic 

null model than linked selection. Similarly, it is unsurprising that the most extreme values of 

RNDmin are found along with the greatest values of Dxy and FST, as this would tend to 

occur due to drift as well. In order to demonstrate selection, there needs to be some way of 

showing that this is not what would be expected under migration-drift with some linked 

selection. While I believe that there is probably some divergent selection or RI shaping 

patterns in the genomes here, due to my own intuition and biases, I do not think that this 

manuscript has actually demonstrated this very clearly. Sure, the data are consistent with 

this, but they are probably also consistent with a model of drift plus linked selection. 

Another way to demonstrate selection shaping genomic islands would be to bring in 

orthogonal evidence of selection or RI, either from QTL experiments or GWAS on 

phenotypes or other similar lines of evidence. Without some other independent lines of 



evidence, I am not convinced by arguments based on extreme values of Dxy, FST, and 

introgression frequencies that migration/selection is necessarily remodelling the genomic 

islands, unless there is some very clear model showing that these statistics would not be 

likely generated by drift/linked selection alone. It is not sufficient to simply equate high FST 

or reduced introgression with selection.  

 

 

Minor comments:  

 

- Line 48: Please add a citation to Noor and Bennet 2009. They published on these ideas 

before the Cruikshank and Hahn paper.  

 

- Figure 1B: the figure caption says that PC1 discriminates between atlantic and 

mediterranean populations, but there are red points on the right hand side that appear to 

be atlantic. Perhaps the colouring confused me?  

 

- line 205: I had to read this a few times before I realized you were probably referring to 

the Tine paper when you said "without linkage information"?  

 

- line 232: supplementary table 2 is mislabelled as a second table 1. Please report the 

information directly inline here, and also the value that was previously reported.  

 

- line 151: can you add some comment that makes the RND statistic more clear, for readers 

not familiar with it? Perhaps explain more clearly what causes it to vary and how it differs 

from dxy.  

 

- "frequency of introgression" (Figure 4D, Figure 6, line 147) makes it sounds like the 

effective rate of gene flow at these loci is commonly as high as 0.5 (m = 0.5). "% of 

migrant tracts" would be clearer.  

 

 

Reviewer #2 (Remarks to the Author):  

 

In this manuscript the authors utilize a modest number of samples, but strong experimental 

design, to recover haplotypic information for chromosomes, and obtain block sizes of 

introgressed ancestry. Few, if any, studies have comparable reconstruction of haplotypes 

within a geographic context, and a comparable set of models to compare among possible 

admixture histories. I think this paper will stand out in terms of bringing different measures 

of divergence and introgression together in the context of an interesting history of gene flow 

and admixture. The manuscript and supplementary material provide clear presentations of 

the findings and the methods to obtain these results. While it is possible that the research 

has not guarded against all the necessary possible biases or confounds, it appears to me 

that the analyses and modeling have been done exceptionally carefully and thoughtfully. I 

think the findings in this paper will provoke researchers to think more carefully about the 

complexity of histories that lead to heterogenous differentiation and to recognize the value 

of contrasting multiple different models to account for empirical observations.  



 

Minor suggestions: the term 'desintrogression' is very uncommon and I did not find it to 

help my understanding. Given how rarely it appears, I think it might be useful to simply 

write out what the authors mean, rather than using this odd term. Somewhat similarly, I 

was not familiar with the train of pulses terminology, and found it distracting (episodic 

pulses might be more precise, as I do not know what exactly is meant by a train in this 

context).  

 

 

Reviewer #3 (Remarks to the Author):  

 

Duranton et al. leverage phased resequencing data of Atlantic and Mediterranean sea bass 

to identify patterns of divergence related to reproductive isolation and unrelated selection. 

This work builds off previous RADseq data from Tine et al. 2014 which showed that variation 

in local recombination rates influenced diversity and differentiation between sea bass 

lineages. The authors utilized eight trios of Atlantic and Mediterranean parents and their F1s 

to accurately phase parental haplotypes for detecting introgressions and ancestral 

reconstruction. The technical aspects of the genome resequencing and haplotype analyses 

are sound but I have a few concerns I feel should be addressed before this manuscript is 

suitable for publication.  

 

The authors should provide the versions of each bioinformatics program (GATK, BWA, 

VCFtools, etc) as well as the parameters used for to run each program. More details and 

parameters for the PhaseByTransmission step in GATK should be provided.  

Accurate phasing is at the heart of this manuscript, and this should be readily reproducible. 

The supplemental methods could probably be moved to the main text (if space is available). 

The main text methods provide almost no useful details.  

 

The average coverage for resequenced individuals is 15.5x which is on the low side for 

haplotype phasing, but is probably sufficient here. The coverage of each individual is not 

provided anywhere, making it difficult to assess the accuracy of haplotype phasing. A 

supplemental table of coverage, % alignment, etc. should be provided.  

 

The two females that were removed because of mendelian violations is interesting, and this 

may affect paternal haplotype phasing in these crosses. More explanation of why these 

individuals were removed would be helpful.  

 

It would be useful to report the proportion of pseudomolecule sequence that was 

successfully phased based on the 2.6 million segregating SNPs.  

 

The Fst in Figure 4 and Supplemental Figure 9 is on average, much higher than values 

reported in Tine et al. 2014.  



Reviewer #1 (Remarks to the Author): 

The authors have presented a study of population structure, demography, and selection in seabass 

using parent-offspring sequencing to phase genomes, which allows for sophisticated demographic 

modelling using the distribution of tract lengths. This is an interesting approach that has many 

advantages. However, I am quite concerned about the potential impact of selection on demographic 

inference (major comment #1) and am skeptical about how clearly these results demonstrate 

selection/migration reshaping genomic islands (major comment #2). As this latter point is the main 

aim of the paper, and the evidence is relatively weak, I do not think this paper is sufficiently impactful 

for Nature Communications. 

 

Major comments: 

 

R1.1 One of my major concerns is that this paper seems to be relying upon two somewhat 

contradictory things simultaneously: that the tract length distribution can be modelled with a neutral 

coalescent to yield accurate inferences about demography and that tract lengths are also affected by 

natural selection, such that genomic islands are being shaped by the interplay between migration, 

selection, and recombination. If the latter is true, how robust is the accuracy of the former? I tend to 

often find myself skeptical of demographic inference when it ignores selection. The usage of tract 

lengths instead of allele frequency spectra is a big improvement, and I think the demographic inference 

used here is done very well, given where the field is at. I just worry about the complicating effect of 

selection. It seems possible that selection may affect a small enough fraction of the genome that it 

does not interfere substantially, but this is unclear. This problem is briefly mentioned on 

lines 317-324, but it is unclear how much this could obscure results, potentially even blurring the lines 

between the demographic scenarios modelled here? (i.e. scenarios in table S2). 

 

R1.1 This remark is now addressed in the revised version of the manuscript L 336 - 347. 

 

We agree that disregarding selection in demographic inferences can sometimes lead to 

misinterpretations. We are all the more concerned about this issue that our group has produced 

several papers on that topic, in which heterogeneous gene flow models were developed and 

implemented to capture demographic and selective effects simultaneously, using ABC or diffusion 

approaches (e.g. Tine et al. 2014; Le Moan et al. 2016; Roux et al. 2016; Rougemont et al. 2017; 

Rougeux et al. 2017, Fraïsse et al. 2018). We acknowledge that using a neutral coalescent with modified 

(i.e. reduced) Ne and me parameters might not seem optimal to account for selection at first sight. 

Although strong/hard selective sweeps might be a problem, the theory nonetheless exist to suggest 

this is an accurate approximation when selection is weak/soft. We made this clearer in the revised 

version of the manuscript. Also, we would like to add that there are two distinct facets in the problem 

raised by the referee: (i) the effect that selection could have on model parameters estimation and (ii) 

the effect it could have to mimic a secondary contact model while the true model does not involve 

migration. We share the skepticism of the referee with the first aspect of the problem. However, we 

believe that secondary introgression between sufficiently divergent genomes generates a 

characteristic footprint that cannot be confounded by selective processes (Roux et al. 2016), which is 



an excess of high-frequency shared derived alleles (see e.g. Alcala et al. 2016). We are therefore 

confident that secondary introgression is robustly inferred with the methods we used. 

 

Different demographic models were fitted to the sea bass joint allele frequency spectrum (JAFS) in our 

previous study (Tine et al. 2014), taking into account or not for the presence of loci experiencing a 

reduced effective migration rate to capture the effect of selection. In that study, the secondary contact 

scenario always outperformed other alternative models. Therefore, ignoring the effect of selection 

against introgression did not blur the lines between the alternative demographic scenarios. It is also 

likely that selection only affects a relatively small fraction of the sea bass genome (L339). This 

interpretation is further supported by the goodness-of-fit of the migrant tracts length distributions 

obtained here by simulations (L224). The close similarity of simulated and observed data in Figure 2 

suggests that selection does not significantly interfere (L341). 

 

Nevertheless, we agree that the first version of our manuscript lacked some important information 

concerning this point. In the revised version, we now provide an estimation of the fraction of the 

genome where the length of introgressed tracts is influenced by selection (L339). As we have showed 

in Figure S14, the mean length of introgressed tracts is only reduced within a 200kb region surrounding 

each candidate genetic barrier. When combined across all chromosomes, such regions only represent 

4% of the genome, which is small enough to not significantly interfere with our inferences based on 

the length distributions of identical-by-state (IBS) tracts. 

 

On the other hand, background selection that locally reduces nucleotide diversity could more 

significantly impact the length distribution of IBS tracts by making the effective population size vary 

across the genome (Harris and Nielsen 2013). Because we were concerned about the effect of 

background selection that potentially affects a relatively large fraction of the genome, we restricted 

our demographic inferences to genomic regions showing similar recombination rate values. Our 

rationale was that these regions experience a similar intensity of background selection, hence reducing 

potential biases due chromosomal variation in effective population size. Our estimates of effective 

population sizes are therefore possibly downwardly biased, but they more accurately reflect observed 

levels of nucleotide diversity and recombination rate (as discussed in Harris and Nielsen 2013). 

 

Ultimately, if selection against introgression affects the length distribution of IBS tracts in 4% of the 

genome, the expected effect is a reduction in the abundance of long IBS tracts that are shared between 

populations. Since this range of tracts is informative about recent gene flow (Figure 2 in Harris and 

Nielsen 2013), not taking into account selection in our system most probably leads to underestimate 

recent migration rate. Because alternative models (i.e. continuous migration and periodic pulses) are 

characterized by the existence of older migration events, underestimating recent gene flow would 

tend to favor these models compared to the secondary contact model. We thus believe that the 

detection of the secondary contact scenario is robust to selection acting against introgressed tracts in 

a small fraction of the sea bass genome, just as it was robust in previous inferences based on the JASF.  

 

To conclude, we thus believe that the reported IBS tract length distributions and the analyses that rely 

on them are robust to both selection against introgression and variation in local Ne due to background 



selection, and that our approach is conservative regarding the detection of the secondary contact 

scenario.  

 

R1.2 Overall, I found the evidence for genomic islands being actively shaped by selection/migration to 

be relatively weak. Line 247 states that the highest values of FST are found with the highest values of 

Dxy, which is not expected due to linked selection. True, but this IS expected due to pure drift (at least 

qualitatively), which is an even more basic null model than linked selection. Similarly, it is unsurprising 

that the most extreme values of RNDmin are found along with the greatest values of Dxy and FST, as 

this would tend to occur due to drift as well. In order to demonstrate selection, there needs to be some 

way of showing that this is not what would be expected under migration-drift with some linked 

selection. While I believe that there is probably some divergent selection or RI shaping patterns in the 

genomes here, due to my own intuition and biases, I do not think that this manuscript has actually 

demonstrated this very clearly. Sure, the data are consistent with this, but they are probably also 

consistent with a model of drift plus linked selection. Another way to demonstrate selection shaping 

genomic islands would be to bring in orthogonal evidence of selection or RI, either from QTL 

experiments or GWAS on phenotypes or other similar lines of evidence. Without some other 

independent lines of evidence, I am not convinced by arguments based on extreme values of Dxy, FST, 

and introgression frequencies that migration/selection is necessarily remodelling the genomic islands, 

unless there is some very clear model showing that these statistics would not be likely generated by 

drift/linked selection alone. It is not sufficient to simply equate high FST or reduced introgression with 

selection. 

 

R1.2 We fully addressed this remark using simulations under different models to show that the 

observed statistics are only consistent with migration remodeling genomic islands L 165-176 & 275-

286. 

 

This is also a worthy remark. We recognize that our argumentation was mainly based on studies that 

only considered models of strict isolation or isolation with continuous gene flow (e.g. Cruickshank and 

Hahn 2014; Guerrero and Hahn 2017; Burri 2017). Therefore, there is still no clear theoretical 

expectation for how these statistics behave in a scenario of secondary contact. In the revised version 

of the manuscript, we fill this gap using simulations to show that the observed statistics cannot be 

generated under migration-drift even in the presence of strong background selection (L 275-286).  

 

First and foremost, we would like to stress that we found strong and multiple evidences for both 

ongoing and post-glacial gene flow between Atlantic and Mediterranean lineages. This is supported by 

the finding of early and late-generation hybrids near the contact zone and the direct detection of 

recently and anciently introgressed tracts in the haplotype data. Moreover, the isolation-with-

migration model has been rejected using both analyses based on the joint allele-frequency spectrum 

(Tine et al. 2014) and the length distribution of IBS tracts. All our analyses point to a post-glacial 

secondary contact scenario with stronger introgression from the Atlantic to the Mediterranean 

lineage. The question is therefore if neutral introgression, homogeneous throughout the genome but 



possibly with heterogeneous drift, could account for our results in the absence of selection against 

migrant tracts. 

 

To our knowledge, no theoretical or simulation study has evaluated the behavior of both FST and dxy 

under a secondary contact scenario. Here, we fill this gap by simulating a secondary contact scenario 

parameterized using values from the best-fit model obtained with the joint allele-frequency spectrum, 

a model that also nicely fits the length distribution of introgressed tracts (Figure 2).  

 

As requested by the reviewer, we simulated three different types of models: (i) a neutral model of pure 

migration-drift, (ii) a quasi-neutral model of migration-drift with some amount of linked selection, and 

(iii) a migration-drift/linked selection model including selection against foreign alleles. The effect of 

background selection was simulated by reducing the effective population size compared to the value 

found in highly-recombining genomic regions (Charlesworth 2009). The effect of selection against 

introgression was simulated by reducing the effective migration rate compared to neutral regions 

(Barton and Bengtsson 1986).  

 

Our simulations show that only the model including background selection and reproductive isolation 

can reproduce the combinations of statistics observed within genomic islands that resist to 

introgression (i.e. high values of both FST, dxy and RNDmin) (New Figure 6A see below). On the other side, 

the neutral model of drift-migration alone can simply not generate high FST values due to migration. 

Moreover, increasing the effect of drift by increasing the strength of background selection (i.e. by 

reducing Ne by a factor 2 to 10) can of course increase FST, but generates a decrease in dxy values well 

below observed values.  

 

The simulated model including both background selection and selection against introgression also 

indicates that the values of dxy and RNDmin observed within genomic islands resistant to gene flow are 

higher than expected under this scenario. This result thus supports our hypothesis that the alleles 

found in regions resistant to introgression are older than the genome-wide average, possibly due to 

different mechanisms including balanced ancestral polymorphisms or introgression from a distantly 

related lineage. 

 

In order to clearly illustrate which simulated model best explains our data, we compared the joint 

distributions of dxy, FST and RNDmin obtained by simulations under each model to the data observed in 

every 100 kb window across the sea bass genome. In each window, we calculated the mean Euclidean 

distance between the Z-scored values of observed and simulated dxy, FST and RNDmin under each of the 

three models (i.e. Neutral, BGS, and BGS + RI). Models were then ranked by their Euclidean distance 

to observed data, in order to determine the best model for each 100 kb window. We found that the 

BGS + RI model outperformed the Neutral and the BGS model for 16.7% of observed genomic windows. 

We finally compared the distributions of observed statistics among windows that were best explained 

by the neutral, BGS and BGS+RI model (New Figure 6B below), and showed that the 16.7% of windows 

assigned to the BGS + RI model are most frequently characterized by high values of the three statistics: 



dxy, FST and RNDmin. We thus confirm that selection against introgression is necessary to generate the 

patterns we observed.  

 

Finally, although our simulations are sufficient to answer the referee’s concern, we agree that QTL 

experiments or GWAS on reproductive isolation phenotypes would provide interesting orthogonal 

evidence for reproductive isolation. We are currently undertaking such experiments using 

experimental crosses, which we hope will bring independent assessments of RI in the next few years. 

  

 

  

Figure 6 - Using simulations under different post-glacial secondary contact models to understand the 
mechanisms underlying genomic islands. (A) Comparison of the simulated distributions of FST (top), dxy (middle) 
and RNDmin (bottom) obtained under different versions of the secondary contact model. The neutral secondary 
contact scenario was simulated using the parameter values inferred by Tine et al. (2014) based on the joint allele-
frequency spectrum (light gray line). The effect of background selection (BGS) was then added to the previous 
model by reducing the effective population size by a factor five (Ne×0.2, dark gray line), corresponding the 
amount of reduction in nucleotide diversity found in low-recombining regions. The effect of softer (Ne×0.5, gray 
dotted line) and stronger BGS (Ne×0.1, black dotted line) were also simulated to generate a wide range of BGS 
effects. We finally accounted for selection against introgression in addition to migration-drift and BGS effects 
(using Ne×0.2) by reducing the effective migration rate in both directions to the values inferred for genomic island 
loci by Tine et al. (2014) (red line). Statistics were calculated in non-overlapping 100 kb windows for each model. 
(B) Comparison of the observed distributions of FST (top), dxy (middle) and RNDmin (bottom) for real genomic 
windows of 100 kb that were either assigned to the neutral model (light grey, 7% of windows), the BGS model 
(dark grey, 76% of windows), or the BGS+RI (red, 17% of windows) model based on Euclidean distances to 
simulated data.  



Minor comments: 

 

R1.3 Line 48: Please add a citation to Noor and Bennet 2009. They published on these ideas before 

the Cruikshank and Hahn paper. 

R1.3 This has been done. 

 

R1.4 Figure 1B: the figure caption says that PC1 discriminates between atlantic and mediterranean 

populations, but there are red points on the right hand side that appear to be atlantic. Perhaps the 

colouring confused me? 

R1.4 The colors were indeed confusing and were replaced by colors showing a better contrast 

between Atlantic and WMED populations. 

 

R1.5 line 205: I had to read this a few times before I realized you were probably referring to the Tine 

paper when you said "without linkage information"? 

R1.5 Indeed, this has been specified. 

 

R1.6 line 232: supplementary table 2 is mislabelled as a second table 1. Please report the information 

directly inline here, and also the value that was previously reported.  

R1.6 This has been corrected. 

 

R1.7 line 151: can you add some comment that makes the RND statistic more clear, for readers not 

familiar with it? Perhaps explain more clearly what causes it to vary and how it differs from dxy. 

R1.7 This has been done. 

 

R1.8 "frequency of introgression" (Figure 4D, Figure 6, line 147) makes it sounds like the effective 

rate of gene flow at these loci is commonly as high as 0.5 (m = 0.5). "% of migrant tracts" would be 

clearer. 

R1.8 We replaced “frequency of introgression” by “percentage of migrant tracts”, as requested. 

 

We thank you Reviewer #1 for your valuable inputs that helped improving our manuscript. 

 

 

Reviewer #2 (Remarks to the Author): 

 

In this manuscript the authors utilize a modest number of samples, but strong experimental design, 

to recover haplotypic information for chromosomes, and obtain block sizes of introgressed ancestry. 

Few, if any, studies have comparable reconstruction of haplotypes within a geographic context, and a 

comparable set of models to compare among possible admixture histories. I think this paper will 

stand out in terms of bringing different measures of divergence and introgression together in the 

context of an interesting history of gene flow and admixture. The manuscript and supplementary 

material provide clear presentations of the findings and the methods to obtain these results. While it 

is possible that the research has not guarded against all the necessary possible biases or confounds, 

it appears to me that the analyses and modeling have been done exceptionally carefully and 

thoughtfully. I think the findings in this paper will provoke researchers to think more carefully about 

the complexity of histories that lead to heterogenous differentiation and to recognize the value of 



contrasting multiple different models to account for empirical observations. 

 

We thank you Reviewer #2 for this positive assessment of our manuscript. 

 

Minor suggestions:  

 

R2.1 The term 'desintrogression' is very uncommon and I did not find it to help my understanding. 

Given how rarely it appears, I think it might be useful to simply write out what the authors mean, 

rather than using this odd term.  

R2.1 The term “desintrogression” has been removed from the entire manuscript and replaced by 

more explicit terms to explain the procedure for removing introgressed tracts from the data.  

 

R2.2 Somewhat similarly, I was not familiar with the train of pulses terminology, and found it 

distracting (episodic pulses might be more precise, as I do not know what exactly is meant by a train 

in this context). 

R2.1 We also replaced “train of pulses” by “episodic pulses”, as proposed by the referee. 

 

Reviewer #3 (Remarks to the Author): 

 

Duranton et al. leverage phased resequencing data of Atlantic and Mediterranean sea bass to 

identify patterns of divergence related to reproductive isolation and unrelated selection. This work 

builds off previous RADseq data from Tine et al. 2014 which showed that variation in local 

recombination rates influenced diversity and differentiation between sea bass lineages. The authors 

utilized eight trios of Atlantic and Mediterranean parents and their F1s to accurately phase parental 

haplotypes for detecting introgressions and ancestral reconstruction. The technical aspects of the 

genome resequencing and haplotype analyses are sound but I have a few concerns I feel should be 

addressed before this manuscript is suitable for publication.  

 

R3.1 The authors should provide the versions of each bioinformatics program (GATK, BWA, VCFtools, 

etc) as well as the parameters used for to run each program. More details and parameters for the 

PhaseByTransmission step in GATK should be provided.  

R3.1 This has been done. The PhaseByTransmission program in GATK was run using a prior for de 

novo mutations of 1e-8, and all the read filters that are automatically applied to the data before 

processing by PhaseByTransmission (e.g. Not primary alignment filter, Duplicate read filter). 

 

R3.2 Accurate phasing is at the heart of this manuscript, and this should be readily reproducible. The 

supplemental methods could probably be moved to the main text (if space is available). The main 

text methods provide almost no useful details.  

R3.2 Although we agree with that comment, we had to comply with the text limitations of the 

journal and therefore provide all the necessary information to reproduce our bioinformatic analyses 

in the Supplementary Materials section.  

 

R3.3 The average coverage for resequenced individuals is 15.5x which is on the low side for 

haplotype phasing, but is probably sufficient here. The coverage of each individual is not provided 

anywhere, making it difficult to assess the accuracy of haplotype phasing. A supplemental table of 



coverage, % alignment, etc. should be provided.  

R3.3 The individual coverage in our study may appear a bit lower than what has been produced for 

instance in the Trio sub-dataset of the 1000 Genome Human Project, from which we got inspired for 

our design. However, this coverage depth is sufficient since trio-sequencing basically adds half the 

coverage depth of each child to both its parents for haplotype phasing. In order to address the 

referee’s concern, we now provide a supplemental table of sequencing and alignment statistics for 

each individual, as well as a supplementary figure illustrating the distribution of coverage across 

individuals. We also specify in the main text the range of mean coverage depth across the 8 families 

(L93).     

 

R3.4 The two females that were removed because of mendelian violations is interesting, and this 

may affect paternal haplotype phasing in these crosses. More explanation of why these individuals 

were removed would be helpful. 

R3.4 These two females appeared to be misidentified mothers that did not contribute to our 

crossings. Therefore, they were removed from their respective trios, and haplotype phasing in these 

two families was only performed using father-child informative sites (e.g. duo phasing). Since we 

ultimately filtered our dataset to only retain phased SNPs without missing data, this did not affect 

the quality of our haplotype data set, but simply reduced the total number of sites that could be 

phased using Mendelian transmission information. This has been specified in the revised version of 

our Supplementary Materials.    

 

R3.5 It would be useful to report the proportion of pseudomolecule sequence that was successfully 

phased based on the 2.6 million segregating SNPs.  

R3.5 These data only consist of SNPs that were successfully phased along chromosomes, they do not 

contain variants that remained unphased after the PhaseByTransmission step.  

 

R3.6 The Fst in Figure 4 and Supplemental Figure 9 is on average, much higher than values reported 

in Tine et al. 2014.  

R3.6 True. This difference is simply explained by the difference in window size between studies. 

Larger windows (150 kb) in Tine et al. 2014 were used to compensate for the discontinuous nature of 

the RAD-Seq data along the genome. Because FST tends to vary on a finer scale, increasing window 

size tends to decrease the window-average FST values. Here, the choice of 100 kb windows offers a 

good compromise between the objective to provide a fine-scale description of chromosome variation 

in FST, and the number of samples per population which is lower compared to the previous RAD-Seq 

study. However, we want to emphasize that the genome-wide FST patterns provided here are highly 

correlated with the ones in Tine et al. 2014. The previous study basically presents a smoothed image 

of the genome-wide FST patterns presented here. 

 

We thank you Reviewer #3 for your interesting comments that helped improving the manuscript. 



REVIEWERS' COMMENTS:  

 

Reviewer #1 (Remarks to the Author):  

 

The authors have made extensive changes in response to the comments of the reviews, and 

I am happy to say that I agree with them that the evidence is much more compelling. 

Figure 6 in particular is a nice addition, and I broadly agree with their comments regarding 

the potential pitfalls in demographic analysis, and think they have now made appropriate 

caveats along with the new analyses. I have just a few minor comments, and think that this 

manuscript is suitable for publication in Nature Communications, pending minor revisions.  

 

Minor comments:  

 

- Lines 67-80: It may be useful for people accustomed to thinking about terrestrial species if 

you could go into some detail about why glacial cycles would affect an oceanic species in the 

mediterranean vs. atlantic. Did glaciation cut off the mediterranean? (I'm not familiar with 

this history)  

 

- may wish to include references to Lindtke and Buerkle (2015; 69:1987-2004) and Bank et 

al. (2012; Genetics:191, 845–863).  

 

- Line 297: It states here that length of introgressed tracks was largely determined by 

recombination rate, but I don't see how this figure shows it. Within middle of Fig. 4F, there 

is low recombination, but very highly variable introgression length, and basically no 

correlation between these parameters. While it is true that most long blocks are in low 

recombination regions, there are large exceptions (e.g. around position 2.2x10e7 on 

chromosome 17), and lots of regions with low recombination also have small tract length. 

This sentence seems unsupported by data.  

 

- "desintrogressed" is retained in the supplementary materials. I would suggest either 

removing it from there or using the same terminology in the main paper.  

 

 

Reviewer #3 (Remarks to the Author):  

 

The authors have addressed my previous concerns and I feel this manuscript is suitable for 

publication.  



Reviewer #1: 
 
The authors have made extensive changes in response to the comments of the reviews, and I am 
happy to say that I agree with them that the evidence is much more compelling. Figure 6 in particular 
is a nice addition, and I broadly agree with their comments regarding the potential pitfalls in 
demographic analysis, and think they have now made appropriate caveats along with the new 
analyses. I have just a few minor comments, and think that this manuscript is suitable for publication 
in Nature Communications, pending minor revisions. 
We thank you Reviewer #1 
 
Minor comments: 
 
- Lines 67-80: It may be useful for people accustomed to thinking about terrestrial species if you 
could go into some detail about why glacial cycles would affect an oceanic species in the 
mediterranean vs. atlantic. Did glaciation cut off the mediterranean? (I'm not familiar with this 
history) 
We now specify that this is due to distributional range shifts (there was no real cut off between 
Atlantic and Mediterranean), and added a reference which thoroughly address this issue for the 
Atlantic-Mediterranean marine fauna.  
 
- may wish to include references to Lindtke and Buerkle (2015; 69:1987-2004) and Bank et al. (2012; 
Genetics:191, 845–863). 
We have included the first reference in our discussion but could not include the second one due to 
limitation in the total number of references. 
 
- Line 297: It states here that length of introgressed tracks was largely determined by recombination 
rate, but I don't see how this figure shows it. Within middle of Fig. 4F, there is low recombination, 
but very highly variable introgression length, and basically no correlation between these parameters. 
While it is true that most long blocks are in low recombination regions, there are large exceptions 
(e.g. around position 2.2x10e7 on chromosome 17), and lots of regions with low recombination also 
have small tract length. This sentence seems unsupported by data. 
We rephrased this sentence to say that the length of introgressed tracks was mainly determined by 
recombination, which remains true when we look at broad scale recombination variation. 
 
- "desintrogressed" is retained in the supplementary materials. I would suggest either removing it 
from there or using the same terminology in the main paper. 
This has been reworded everywhere. 
 
Reviewer #3 (Remarks to the Author): 
 
The authors have addressed my previous concerns and I feel this manuscript is suitable for 
publication. 
We thank you Reviewer #3 
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